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(54) BEAM CURRENT METER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce a cost V*o 
significantly by simplifying a cooling mechanism of a 
superconductor, and to shorten a measurement time by 
simplifying a measurement work. 

SOLUTION: A cylindrical superconductive beam current 
sensor in which a bridge part is so formed on an outer 
diameter side that a beam made incident into a vacuum 
vessel passes through an inner diameter side is 
arranged in the vacuum vessel. A SQUID is arranged on 
the bridge part of the beam current sensor. A cylindrical 
superconductive magnetic shield is so arranged as to 
enclose the outer diameter side of the beam current 
sensor so that the SQUID is positioned between the 
beam current sensor and the magnetic shield. In a beam 
current meter measuring a beam current of the beam by passing the beam through the inner 
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diameter side of the beam current sensor, a freezing machine is used as a cooling means for 
the beam current sensor, the SQUID and the magnetic shield. 
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surement of nA beams", AIP Conf. Proc. 451 (Beam Inst 
rumentation Workshop), 1998, p. 163 
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[0 0 0 9] 

K Bf*y ^^Ktsm^-^vM^mmm^ , mm »n, &m «, B^tom^m vol. 54, 
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Jfrffc^ElS «fc 5 Lfc fcOffcS. 
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[0 0 5 3] 
[0 0 5 4] 

If— ^«^Oti»»^4«JSfc©***-t-t>©"T?*) 9 
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t# 5 cD-em^^^ii&i-s title, t<omm ■h^o^^mm-r^ ^ti^zy m&^v&i-z,, 

[0 0 5 5] 

Tl/^. E17(4II18<DC-C^bmc|ll9(DE-E||lC J; ?,ifffi[llTfe !5 , HI 8 (10 7 dD-Di^{C XZWr 

[0 0 5 6] 

H17 7!/^III9{C*5^T, ^^5' f±»fflft^S^i LTH^$^-C*3t), 5 ' <D_hffi5' aftijfi, 

= — /VK—S' Kl 2 a tdS^ $ tufc = — ;v K7 ^ y^f- 1 2 f (i, r.<DMPSB6' a^fe^^5' l*]£lHC#;i$ 
[0 0 5 7] 

W*>, 1 2 fi£E£#gg 5 ' rtKlSaS^fcfc*— A^-fei^f— 1 % SQU I D3*5j;t5^v— /VK2Sr^*Pi- 

4f-§-l 2 f Kfc/^^ltjfrJJlPail 2 ©fS&gaMMS: i Lt©3- /uK7^y^f- Sr^LTfcfK a— *K^yKl 
2 aKillSil,fc3-^K7^y#-l 2 f f**®§3&5' (OFJ Pg|3 6 ' a 2=>e>J|^§^5 ' rt«fc#«£*UTl^3 

o 

[0 0 5 8] 

«1 2<D^^Smm^\^. *?F#1 2 dtt/^^W?WWIIl 2 0^£f^U ff-g-1 2 ett^VK*##J*B8l 2 

o^BWSr^U $3F#1 2 f te_hfELfcJ: 5 \z^—;vY^y Kl 2 a tcgSR$tbfc=«— ^ K7>f Sr^U «F 
-§-1 3tt3wvK7>fy#-l 2 f i^SS^^t^S^-^ K7 >f y^f- 1 2 f Sr^LT3-;vK^ Kl 2 aj&>6> 

y 2^m^^tzL}b<oY—^ymm^^fhtL— n<o^nm^v, *sh§-i stt^sp^i 3tiftsi 4ts:i«s 

U T fftfi* £ flfcfti" £ fc fc diBS £ fc: 7 v * «r * U 6 »*— » (£>;£J#;|g i 4 t if 

U 1 7 tt— Sto^tE 1 4 &mfeTS1£lfo<Dffitt»7SA> h Sr^ U 1 8 f±3»ft»t^ M 7 Sr^^Mg 1 4 
ffl^i" 5 y hSr^u 9tt3a*Ri 4 K 1 8 toiWfciafll^ixfcJLfifaSr^U fff 2 014 

— ^co^glS^r^^^^S ' (Dftmm\z®fe£ft,?>}: ki>Kfajj<Dffi1$&3Lftmi 4fcB**ivCS*a»«Rl 4£3S 
ffiSSS 1 rt^BTS^atcE«bTH^5»H»^#Sr*L, fft2 lftJU'&SiXSSSS' coigns' bi 
©MfcE»*^fcRJR^Sr*U «F#2 2BSQU I D 3 55#<B<fc1ti: LtftS)«l 3 £3x9 fttt 

[0 0 5 9] 
[0 0 6 0] 
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-t.it, ±iELfcJ: 5lC s SQUID3©S§fiftU, i^SPffi 1 3 tcm^t — 2 2 #B*$iXT<^3 0 SQU 
I D3f4^mK£il*l©gf^^S^7t», S^.t-^-2 2 C0iPf^£5r$lJ^i-§ r i: J; "0 % SQU I D3©SI 
3tt*5 ± 5 K«!l»$^-Ct^o SP*>> ^SP«1 3}df±m^t-^-2 2 t h fcifi&i? Vlr- (0^*1*= ) 

;>»fc<OfiS1f#£t> fcfc, «^t-c?-2 2©H^i£fc7^-K/<S'^5r^^t, SQU I D 3 ©^(D^-ft^Ho 
SQU I D 3 (Dm.&<Dfa£Mit<DM$l<V±ib\C, fg^ny LTIt PID (Prop 

ortional plus Integral plus Derivative) tftJ^PSrffll^-S ^ h 1$X% 3 0 

[0 0 6 2] 
[0 0 6 3] 

[0 0 6 4] 

^ir^-y— 1 tfs^g^tu K-A^-feVtr- l ©±ffiWrs QU I D 3 ^SS^ixt^5 t *fc, 
is-V—l kofflteSQU I D 3 SrtS^*5 <t 5 I- It, If— A«»E-fe->-!J— i ©^ftiJ<lrH 5 <fc 5 {-5®^^ J: *3 
ft 3 P3 Wt<D^Mv—A- K 2 ^f5g^^TV^ 0 
[0 0 6 5] 

1 4 fc-taveti^flpsiT,. -^©^ffii4^#it^n 7*j«fct«-:/ m 8izx9m^^iv 

%z\btejz<9, tf— AmSK-fe-Vi^— 1 iSQU I D 3 SrEll LfcJ&SCi'— ;VK2 t^ftl 4 frffcSftTl^S 

o 

[006 6] 

r 5 VX— mtZixTc K'-A^ttyf- l i s QU I D 3 SrBS Lfc^v—/u K 2 £ SJ*« 1 4 t tt x 

5 ' McMt£hiti?—J*&¥—M>mM±>'1)-— 1 ©rt&<fflfc l 4©rt#ft|©^l!BSraigi-5 «t 5fc-Cfc 

jffil4CTU2*foEK^, H7fc*JV^T«f*C>»0-Ot»LT^*K:A*P MltPli, 10«£t±it 
S^i*sjf*LVv ) fcf:Hgtf 6>*xt^5 t i tic, 0 8fc*5V^xtp'ij-^O-O(c:MbT^*^aFQ MlQii, 

[0 0 6 7] 

3fe»*14tt» »Wii»flEl 5Sr^LT?Nfl*El 3tSaS6Stl/"C*J9» =-/l-K7^^-l 2 f ^Lt = 
— ^ K~- y Kl 2 a fc^^fcifrill&l 3 frt> <Dm&mfc Jt •? 1 4, fcf— AfSSfrtrVIr— 1, E^v'-A- K 

[00 6 8] 
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[00 6 9] 

= — A' K-^y K 1 2a, = — /V 12f, 1 3 , muffle l 5 , 
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1 D3&#**-5^#Sfc*?fraiE»£ LT, Wfrfc V-p— 1 , K2 ft fetffc S QU I D 3 j&sSttSffltt 

[0 0 7 7] 
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/</K/*— * 12b *&8 £JtS8*5* ©|S3£6ftg=*A 2 1 SrBESi-^ r h \z J: 5 % souy*— 
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[0 0 7 9] 
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*r»U «F*2 3 bttWttJBl»«^--/uK2 3©R««Sr*U «F#2 4ttffl4l2lM^ KfcSU W*2 

5ttM^>— A"K*r*U W*2 6f±»ttflS3»*V-/vKSr*U «F#2 7f±M^^— /^KSr*LTl^5 0 
[0 0 8 9] 

J:0IMllfcf4* R&352 3 a*5j:Wqffi«2 3 b i D/^IttIlK^K2 3tt, ^K2fcififtUT 
Kttfe>*uT^5 0 JrfrWf-tt, ltt!llfv'^K2 3©R 



<f#|§a 2004-356573 



(12) 

*£g|523ate N 3t«MKi 4 k9fifck>"9"-l & btffc^^-A- K 2 111] KiERSiV — B^lgl^ 

fv/^K2 3 b f±, «KSBis«E«i^— >w K 2 i^frSflR 1 3 £ oHfcH&Bi~5 .J: 5 l£ER£;h/TV>5 0 

[0 0 9 0] 

Z<D£o\zm^~-/lsV2\zmgLXBfoM2 3 a*5j:tFP9*f»2 3 b X «9 1 BBSS'— /V K 2 3 fcRltS 
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[0 0 9 3] 
[0 0 9 4] 

*tt»3»«V-^K2 6tt, JtaSSS' ^#SriR5 J:5fcUT*ft^fcE«**bTV^5o 
[0 0 9 5] 

[0 0 9 6] 

K 2 4 icfcltS K7 ^ y^f- l 2 f Srjrffl£*5fc»<DJ|«;A:2 4 a tt % /vKtt«B(DffiTSr^ 

D£*£3o Z.<Dtc#>, lia2 4a^^n^vK7^y^f-i 2 f l:)Bo t4%±^ 9 JifcjKttl^^/v K 
£ Ltl^v"-^ K 2 5 SrRIt 5 £ i fc «fc 9 . MM'K 24alr iSl^v'-zv KtttBoffiT©«*Sr<fiSci-5 r t # 

[0 0 9 7] 

T3»^5BMSfcBBSS'— ^Kt LTS^;i/K2 7 SrRttS 5 C 
[0 0 9 8] 

±E Lfc^tt^ 1 BBSS'— A> K 2 3 , 2 BIA V— /v K 2 4 . jS^S'-zv K 2 5 % Bfl4f5 3 ttft K 

2 6^^W:I^-;vK2 7 Id, i«»R#&|*9fdttfc9* y 3r1~5 r. £ fc J: 5 , R»fc»i-SS'— A* KttRfcS 

[0 0 9 9] 

JJcfc, Hi 3^MBI1 5lctt x #3§9lfcJ;5 tf— ASS^t^co{ifc<D||^^lii^$^xfc t) , ttftSIBBSS'— A 
[0 10 0] 

fip*>, EI l 3 fc^"Mllffio?KIRtt, SSHrviJ— i ft A- K 2 com^coSBasfc, jffieaflKftS'-/v KSB 

ft2 8 fc-tivPftERI-5 «t M-UfcfcOTfcSo -5 LfcttfiWJSS'— >u KitHE 2 8 4rER-f-*r ifcj: 9, a 
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(13) 

[0101] 
[0102] 

[0103] 

b»4tte»#OflSr*U-CiSD. mi«-fe^— 1#4, fie*#<7>J8l 1 b £r»£ 1 a tS^^S - k K J: 
£*VC^3 0 ft&> m*-fe vf— 1 OjBfiSlflcoJK 1 btt, if-^««*JBJEi-5fc»K:niS*o*lEl aOrtSW 

[0 10 4] 

©**r*LT*5!), «ftV-;vK2lt, ®e**OJK2 b £r*&2 a r. ifc J: P«jatS*iTl/*5. ft&\ 

[0105] 

8 a ttifiillv'-^ KWK2 8 ©IS GiSfii?^ ^^tl< tt^JRSrteffl-rSo ) SrSU 
W* 2 8b tifB&m#<DR*7F LT*5 9 . fflfi*««i/-/l/ KJHK 2 8 Ht % tt£«tt0lE 28b 28a \C&<£ 

t5^ttJ:?*^*iit^5, ftfc, «fiii8«i/-;i/ KJB« 2 8 ©fifitft^m 2 8 b tt, K~^»#t<£>»£ 

2 8a(D>tcS (littyf-1 ftWlCtlv"- /^K2 0*ffii#lRli-«ffi) »c<3*tfM*£;h,Tt>5o 

[0106] 

3Bfi»#©ail b , 2 b, 2 8 bOMWHk «*.f*, 0. lmraSStfcSo 
[0107] 

Jhffi<DJ:5 LTff* LfctSt-fe^t- 1 ft &tfK»«i/-;v K2 ©JWJijBCfijltV^ Kifffi2 8t©S3t(t 
SttRoMttlz: «fc 5 MB g 1 , g 2*#aEi-5r. £fc**»*u»s*!!K r5 LfcMBg 1, g2mt3i«tv' 

[0108] 

r 5 bfcHl 4K*i"J:5 4»IIBg 1, g 2©1ffifc#5»ft^-^Ktti6©l^±©fiTt*it5fc»fcB: % 01 

o 

[0109] 

£ hK, MOg 1 it»tyf-i©fSh l k<DitX$>5g 1/h 1 M0g 2i«ft^-/uK2©J|*h 2* 
Oifc-efcS g 2/h 2 0OT-t§r ifci O . /v Ktttgco |bJ± £ H 3 r. kifiXZ 3 

o 

[0 1 10] 

4*5, ±Ebfc30S©»«tt, WT© (1) 75£ (6) fcR3H-5J: 5K**t5r i3»-e** 0 
[0111] 

(1) JiiEb^SI^^^^^Tfi, mm-te^-V—ls SI K 2 ft fcU^iC S Q U I D 3 5r«^t§8€^#: 
coaSKoV^Ttt#^cK^«fc©•t?ttftv^*^ m^cir^f— 1, l^;l/K2ftWtSQU I D3Srflfj^i"5 
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(14) 

[0 112] 

(2) jifBLfcniso^i®^*3v^T(4, m,ffi±>-v-it£tbmmn.is-fry*2(Djfm*f s iW}W;b i,tc&, zanies. 

[0 1 13] 
[0 1 14] 

Hi-PS 1> ©-mftv > w i fi^j«i-e*>5 0 mfk%nw 2 0 n^-^s 1 4 »r 1 ^-foER-rs £ 5 k: lt t 

[0 115] 

(4) ±iEb7t!Hl 2 l^tHlC^Itti^TIi^ IttI 1 K 2 3 tltt^ 2 If v-/V K 2 4 tS^ 
v— /v K2 5i tt&Jg 3 mfS.'y—A' K 2 6 fcffiSgv— A> K 2 7 £ ££TER1~5 £ 5 fcH* Ufcj&S, divfe Sr^TE 
8U<ttiv^i»Mt*)2. flfrtt* 1 B£^>— K 2 3 , W&M2m%^— /v K2 4, ;VK2 5, 
«tt!3«^-;vK2 6*fcWrM^V-;wK2 7©f-C\ MS<0t>©*»£fc^WfcERr« ±5fcL-CfcJ: 

\>\ IttIHSSv'-/VK2 3CoWTt), R«8B2 3 atnWSB2 3 b tOW*SrEK-f5i5«H:!iC<» H 

[0 1 16] 

(5) ±|ELfcHJfe©?KJiilc:ib'VvTf±s WM±>"9— 1, iK^CV— /w K2 ft feWcS QU I D 3 £#*Pi-£?Nj|]#M& 
[0 117] 

(6) JbfELfc|U£<D^l!eft6>Wr±E (l) (5) Vzjrrr&MMti. XSXi&fr&tXtZ X 5£LTfc 
[0 1 18] 

[3S93©3&*] 
[0 119] 

[0120] 

[01] S QU I DiS^y ^Affl^TSIi^-f-S^^J; 5 ft^aft^— /p K£ &/B^fctt*© if- 
*0MftAlffiBI&BB B 2 © A - A*lfc J: 3 8r IStfe 5 0 

[El 2] SQU I D£*£tt^y ^^a*^tt^5tt^#J:9 44«*^— /t'KtSrfflv^fcft*©^— A*«ffho 
«ElS«J«»rffittMH"e*>5 . El 1 ©B-Bi^{cJ;5»fffi|l|-efe5, 
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(15) 

[m3] squ i D*myttiitc¥-j*m.ffi±^-<vMmffimm®.wm-?hz>o 

[05] A'K<D&*£»^5fc»©WiH£JB©SQU I D->7fAOKHHf*)5. 

[0 6] @5IC*tSQU I Dv•^7 i ASrffi^^T^(DMS*5rS!l^bf^:^*^^:i-^7 7-efc5 0 

[H7i *&w<omi&<Di&i&o— m^x^^-^Mfi<omm^.wrmummx'h'o, H8©c-ci4fetifi:H9 

OE-Eii6fc«t5WfffiElt?fc5. 

[IH8] *l8K©|im©^li©-^Jirj:5lf-A«mth©«B^J*Wffi^Wia-t?&9^ 0 7©D-DS§HK < fc3»rffi0 
[0 9] &%m<DMHt<Dlim<r>—Mte ± 5 1'- A«^ff©#^E^HT*fc 9 % ffr#«©e«£-£t?£#ro«i&*MiMi 
[0io] «ftt— ^— om«itS;Elt?*)5. 

[011] S QU I D^T-©7-f — K^^m^J^Sr^l-yn 0-efc5 o 

[012] *^PJ^J;Slf-Ali^ffW{ifi©^mo^^i^ll&^»fffi^0T-fct), Hl*6>WcH7K:»JS 
i-£Bff®0-C*>3o 

[013] 4^WfcJ:S^— ^«^Offi©ltll[0»*Sr*i^l^*KWEI , ^*>*. 
[014] 01 3fcfeV^TRJ«J^T?*Lfc^©lt^RjftKtBBIT*>«. 
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